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Much is known about the functions and properties of neuronal dendrites, but rarely has dendritic activation
been monitored while the dendrite performs a computational task. In this issue of Neuron, Bollmann and
Engert demonstrate that different regions of a dendrite in the tadpole optic tectum are tuned to stimuli in
different locations of the visual field. Their study is the first direct demonstration that dendritic regions act
as semi-independent functional units during sensory processing in a vertebrate central nervous system.
Neuron
PreviewsDendrites are among themost striking and
distinctive features of neurons. Dendrites
are the receivingstructures for themajority
of synaptic contacts, which number in the
thousands for many neurons. This inevi-
tably places dendrites at the heart of
synaptic integration, the process bywhich
a neuron translates the activities of its
synaptic inputs into appropriate output.
In theory, synaptic integration can be as
simple as the linear summation of post-
synaptic potentials (PSPs) at the site of
action potential initiation, which is usually
in or near the axon initial segment (Stuart
et al., 1997). PSPs attenuate as they
spread through the dendritic tree toward
the axon. Hence, synaptic location affects
integration even in this simple scenario.
In reality, synaptic integration is more
complicated than linear summation in
one location. Synapses can influence
each others’ PSPs via both voltage and
conductance interactions. For example, if
two neighboring excitatory synapses are
activated almost simultaneously, depolar-
ization from the first synapse reduces the
driving force for inward current at the
second synapse. In addition, open ion
channels at the first synapse decrease
the local input resistance, decreasing the
depolarization per unit of current at the
second synapse. Hence, the second PSP
will be smaller than the first PSP. Voltage
and conductance changes in dendrites
are brief and localized so the linearity
with which synapses sum depends on
the distance between them (Magee,
2000; Gulledge et al., 2005).
In addition, many dendrites contain
voltage-gated conductances, which canadd substantial sub- or supralinearity
to the summation process. For example
voltage-gated conductances enable the
initiation of spikes in the dendrite, and this
is facilitatedbyclusteringofactivesynapses
(Losonczy and Magee, 2006). Hence,
synaptic summation can be linear, sublin-
ear, or supralinear, and this is partly deter-
mined by the spatial distribution of active
synapses (Magee, 2000; Gulledge et al.,
2005).
We now know quite a lot about the
biophysics of synaptic summation—the
rules of synaptic arithmetic—but we don’t
know how a neuron applies these rules to
integrate synaptic activity. We’re missing
apiece from the puzzle of synaptic integra-
tion: we know almost nothing about the
pattern of synaptic activity in the dendrites
when a neuron performs a computational
task.
In this issue of Neuron, Johann Boll-
mann and Florian Engert provide the first
direct evidence from a vertebrate CNS
that a single dendrite contains subregions
that respond differently to sensory stimu-
lation (Bollmann and Engert, 2009). Boll-
mann and Engert used visual stimuli to
drive synaptic activity in the dendrites of
neurons in theoptic tectumof theXenopus
tadpole. These dendrites receive direct
projections from the tadpole retina. After
filling a single neuron with calcium
indicator, they monitored activation of
different regions of the dendritic tree while
projecting visual stimuli into the eye.
Stimuli consisted of a bright background
with dimming bars or squares in various
locations over 70 of the visual field in
both horizontal and vertical axes.NeuronStimuli in some locations in the visual
field produced widespread activation
of the dendrite, with stimulus-locked
calcium transients occurring throughout
the dendritic tree. These presumably result
from visually evoked action potentials.
Action potentials propagate into dendrites
in many neurons, opening voltage-gated
calcium channels (Waters et al., 2005),
and Bollmann and Engert confirmed that
action potentials evoke widespread
calcium transients in tectal dendrites.
However, visual stimuli in some locations
evoked calcium transients that were local-
ized to subregions of the dendritic tree.
Presumably,particularly largecalciumtran-
sients occurred close to sites of strong
synaptic input in these trials. Subregions
within a single dendrite were tuned to
different locations in visual space, with
small differences in spatial tuning along
the ventrolateral-dorsomedial axis of the
tectum correlating with stimulus location
on the dorsoventral axis of the retina. An
obvious possibility is that axons projecting
from different parts of the retina preferen-
tially contact different subregions of the
dendrite. Consistent with this idea, Boll-
mann and Engert show that axons from
the dorsal and ventral retina preferentially
innervate the lateral and medial tectum,
respectively.
The functions of these localized signals
are unclear, but it is tempting to speculate
that localized calcium signals in tectal
dendrites play a role in the development
and/or maintenance of receptive fields.
Dendritic properties and activity influence
receptive field development and plasticity
in rodent visual and somatosensory61, March 26, 2009 ª2009 Elsevier Inc. 813
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Previewscortices (Komai et al., 2006; Meliza and
Dan, 2006), and it would be interesting to
know whether the principles of receptive
field development and maintenance are
similar in tadpoles and higher vertebrates.
The functions of dendritic signals may be
more readily addressed in tadpole tectum,
where chronic pharmacological manipu-
lations are possible (Debski et al., 1991).
Furthermore, tadpoles develop suffi-
ciently rapidly that it might be possible to
study the evolution of the receptive field
properties of a single dendrite through
several stages of development.
Thisnewstudybuildsona longhistory of
calcium imaging in intact animals (Helm-
chen and Waters, 2002), which includes
several examples of localized dendritic
activation during sensory processing.
Bollmann and Engert’s findings parallel
a ground-breaking study on the dendrites
of motion-sensitive cells in the third visual
ganglion of the blowfly, where different
dendritic regions respond to input from
different locations in visual space (Borst
and Egelhaaf, 1992). In starburst amacrine
cells in the retina, different regions of the
dendrite are activated by movement of
a bar or grating in different directions (Euler
et al., 2002). In the cricket auditory system,
regions of the omega-1-neuron in the
prothoracic ganglion display frequency-
dependent calcium responses (Baden
and Hedwig, 2006). Until now, no compa-
rable results from the CNS of a vertebrate
had been reported, although localized
dendritic activation has been observed
following electrical stimulation in semi-
intact preparations (e.g., Zelles et al.,
2006). All of these studies suggest that
the smallest functional unit of synaptic814 Neuron 61, March 26, 2009 ª2009 Elseintegration is a subregion of a single
dendrite, no larger than a few branches,
and this is consistent with estimates from
rodent brain slices (Ha¨usser and Mel,
2003; Losonczy and Magee, 2006).
The mechanisms that generate these
compartmentalized signals are not well
understood. Bollmann and Engert provide
mechanistic information, showing that
differences in spatial tuning are eliminated
by the NMDA receptor antagonist AP5,
although untuned calcium responses
persist. In tadpole tectum, NMDA receptor
activation therefore adds local spatial
tuning to a background of widespread, un-
tuneddendritic activity. The involvement of
NMDA receptors and the large amplitudes
of calcium transients in tadpole tectum
are reminiscent of NMDA spikes in the
dendrites of hippocampal and neocortical
pyramidal neurons (Schiller and Schiller,
2001; Losonczy and Magee, 2006),
although whether comparable events
occur in tectal dendrites is unknown.
Imaging studies similar to that of Boll-
mann and Engert are likely to provide
a wealth of information about synaptic
integration. Unlike an electrical recording,
imaging is well suited to probing activity
atmultiple locations inadendrite.Although
it is rarely possible to infer the membrane
potential from calcium signals, calcium
imaging can be a reliable indicator of
activity in dendrites and individual spines,
even in the intact mammalian CNS (Helm-
chen and Waters, 2002). Using imaging
techniques one might reasonably expect
to be able to map the pattern of activated
synapses during sensory stimulation.
Imaging may therefore be the technique
to provide that missing piece of thevier Inc.synaptic integration puzzle: the spatial
pattern of synaptic activity.
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